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(57) Abstract 

PROBLEM TO BE SOLVED: To provide an image 
processing apparatus smoothing image data and a 
recording medium on which an image processing program 
to allow a computer to realize the smoothing is recorded 
that smooth the image data while retaining the 
substantial structure of the image. 

SOLUTION: The image processing unrt applies selective 
smoothing to at least one color component of a target 
pixel depending on the correlation between the target 
pixel denoting a pixel to be noticed and pixels placed 
around the target pixel among pixels configuring the 
image data. 
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[0 0 5 21 !^i^>45S;^f^iaJ:t;^^ft^i35g*'ffi) 3SbT. ^fefife5^;65^^'t-61I^o^>5>45g::^rS3tr)^{a 

14, t^mi.itm:^\^^^xm^[^\zM-r^nL»mm(om (04 (d . (2) ic:^-t-i5icfikfe«»*s^5:« 

mc^gL^i>^xm't^mmtmmmmt\zis\-fzm&im^ (0053] 

«:^^ 1 » 

C45[i.j]-(4-C45_0[i.j]+C45.0(i-l.j-l]+C45_0[i+l.j-lJ 
+C45.0[i-l.J+ll+C45_0li+lJ+l])/8 •••^3 9 
C135(i.j] = (4-C135_0ti.j]+Cl35_0(i-1 J-l]+C135^0(i+l.j-l] 
+€l35_0[i-l.J+ll+Cl35.0[i+l.j+ll)/8 •••^4 0 

C45(i.j]-(4-C45_0[i.j]+2-(C45_0[l-l,J-l)+C45_0(l + l.j-ll 
+C45_0[i-l.j + l)+C45_0(i + lJ + l))-^<:45_0[i.j-2) 
+C45^0[i.j+2l+C45_0[i-2.jl+C45_0(i+2j])/16 -"^4 1 
Cl35li.jJo(4-Cl35.0(iJ]+2-(C135.0(i-lJ-l]+C135_0(i+lJ.l] 
+€l35_0(i-l.j+l]+Cl35.0(i + l.j + lJ)+C135_O(i.j-2l 
+Cl35,0[i.J+2]+Cl35_0(i-2jJ+Cl35_0li+2.j])/16 --^4 2 
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C45 [ i . j 1 *5 1 35S^^ OjglElSC 1 35 [ i J 1 l:i *5 1 > 

10 0 5 4] m^m^^i in. i^±K§gu^<j: 

Ti^«>45a:&ifii<oaffilff C45 [ I J 1 *3 J: tJ5«>i>l35ff:&|fi] 
<7>^filffC135(i J] SrlUlii-^ t . ffi«<^Mffl[T2twOV^ 

|C45li.jl-C135[io]|>T2 d^o C45[i ,J ] <Cl35ll . 

J] 

tmr>^^m^. i^if>\3S&:fj[^xr) hi^i^ASSL:^\^(r> 

|C45[l.jl-Cl35Il.jl|>T2 C45[i j] >C135[i . 

jl 

miSimm^ ^tpm LTitSDN [ i . j 1 - 1 SrK3£ 
|C45(i J)-Cl35(i J]|^T2 

[0 0 5 5] fJiiS. MfflT2Jl. Wifib;fcWflmi:(^^ 

j]lcR;£i-6 (0 3 3 2) o 
[0 0 5 6] ^cC:fe> 1113 S 2cO^StijyS^f9 jgUtfh>n6 



(133 S 3) o 

10 0 5 7] m?in. ma^^m^i i ii, ^^(ijiic 
^i6iS{attSr^i-*t«IDN ( i . j ] (Dffl t (om,:^^t>^KJt^ 

easel : (HV[i . j ) .DN[i J ]) = (! . 1) :»*5<tt/^«?)45ffi*'fSl 
case2 : (HVI i . j ] . DN [ i . j ] ) = ( 1 . 0) : tt*f^<^IS(att*5» 
[0 0 5 8] case3:(HV(iJ).DN[i Jl) = (l.-l):«ti3j; 
case4 : (HV [ i . j ] . DN ( i . j ] ) = (0 . 1 ) : ^ «>45fi*'[^ <^Sfiltt 
cases : (HV [ i . j ] . DN I i . j ] ) « (0. 0) : O^fSl coSliSltt*^ 

cases : (HV [ I . J ] . DN [ 1 . J ] ) = (0 . - 1 ) : 1^ 1 35ffi:& r6] O^ggl 

[0 0 5 9] case7:(HVliJ].DN[i.jl) = (-l.l):«*5j; 
cases : (HV( i J ] .DK[i J ])-(-! .0) :«:frffi]COSiai4*5® 
case9: (HV[i J ] .DN[i .-1) :«l*5 J:t/^«>135g 

-^UT, miSi^m^i 111. tTJ5jEUfc^^(cj^:i:r. 
TO),}: ^icurattti^n^fiitr. m<7^mmmt\^xQ' 

[0 0 6 0] casel<?5i:^, G' [i .J ]=Gv45{i .j ] 
case2C0i:t. G' [i jl=Gv[i J] 
czse2(Dtt. G-[i.jl«Gvl35[tJ] 
case4(Ot G' [i J ] = (Gv45[i J 1+Gh45[i J ))/2 
caseSOtt. G (iJJ»(Gv{i.jI+Gh[i.j])/2 
case6<?3 1^. G* [ i . j 1 = (Gvl35 [ i . j ] +Ghl35 [ i . j ]) /2 
case7<Di! t> G' [ i .j ]=Ch45( i J 1 
caseSCOtt. G'(l J]=Gh[l.j] 
caseS<Ott. G'[l.j]=Ghl35[iJl 



40 



Gv[i.j]=(G[i.j-l]-^[i.j+ll)/2 

+ (2-Z(i.j]-Z[l.j-2)-Z[i j+21)/8 
+ (2-G[i-l.j)-G[i-l.j-2l-G[i-l.j+2] 
+2-G[i+l.jl-G[i+l.j-2)-G(i+l.j+2l)/16 
Gv45[i.jl=(G[i.J-l]+G[iJ+ll)/2 

+ (2-Z[i j)-Z(i.j-21-Z[i.j+2])/8 
+ (2-Z(i-lJ+ll-Z[i-l.j-l]-Zti-lJ+3] 
+2-Z[i+lJ-ll-Z[i+l.J-3]-ZIi+l.j*l])/16 
Gvl35[i.j]-(G(iJ-l)+GIi.j+l))/2 

+ (2Zli.j)-Z[iJ-21-Z[i.j+2))/8 



^4 3 



4 
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+ (2-Z[i-lJ-l)-Z[i-l.j-3]-Z[i-l.j + l] 
+2-Z(i+l.j+l]-ZIi+l.j-l]-Z[i+l.j+3))/16 --^4 5 
Gh[io]-(G[i-l.j]+G[i + l.jl)/2 

+ (2-Z[i.j]-Z[i-2.jl-Z[i+2.j])/8 
+ (2'G[i.j.l)-G(i-2,j.l)-G[i+2j-l) 
+2-Gti.j + l]-G[i-2.j + l]-G[i+2.J + l])/16 •••^4 6 
Gh45(iJl = (G[i-l.j)+G[i+l J])/2 

+ (2-ZIiJ]-Z[i-2.j]-Z[i*2.j))/8 
+ (2-Z[l+lJ-l]-Z[l-l.J-l]-Z[i+3.j-l] 
+Z-Z[i-l J+ll.Z[i-3j+l]-Z[i+l.j+l])/16 •••^4 7 
Ghl35[i.j] = (G[i-l.j)+G[i+l.j])/2 

*(2-Z(i.j].Z[i-2j]-Z[i+2j])/8 
+ (2-Z[i-l.J-lJ-Zli-3.J-l]-Z[l+l J-I) 
+2-Z[i+l.j+ll-Z[i-l.j+l]-Z[i+3j + l])/16 

[0 0 6 1] sistt, m<ommm^nm'r^m{zm\^^^ 
«{c:«4--r'5fef»«Tfc5. men. (HV(i.j],DN[i. 

tji^, me-r^it, rcase5:(HV[ljl.DNIi.j]) = (0.0)J 

[0 0 6 2] -triT, mi<r>mmmmxn. &.T\z^'t 

G'[i+l.j)-{kl-G[i.j-ll+k2-G[l+l.J]+k3-GtiJ + l])/(kl+k2+k3) 
G(iJ+ll-{k4*Gli-l.J]+k5'G[l.J+l]+k6'G[!+I.J))/(k4+k5+k6) 



[0 0 6 5J ^it^ ^5 OlC^i-ai»li. jaESli.j+l) 

I i .j+i] . [i+i J ] ic-tesr 51iSl^o^fefi£5><ofe««^ 
--keoMSr rki=k3=k4=k6=K k2=k5=2j 

(i, ^ik\zW'mt-t^:it^M^r^o ^ti. w-mt^ 
a<i-S»^(::«:, fl?a;ttf. kl-kS^^fi^ rki=k3=k4=k 
6=K k2=k5-6J tca^-rix(^av\ 

(0 0 6 61 tz^x. c3se5\c^m^ti^\^^mm<Dm 
9^^50(DXo izMm^ti^m^^^-r^ii^^^n^i 



50 



^4 8 

fiRHV[ i o 1 t ^«?>®teH±^^i-ii«SDN[ i . j ] <7?<ii[ t 
asesizj^m^tiitt^'st^) ^n^-r^ (mas 4) « 

[0 0 6 3] <ErUT. lj^«lSS35 1 Hi. lS^RV[ij] 

\z&:m:'t^mm mmm=tnmLtimm<Dy^:fj\^\zmw^ 
-r^mrn) (oW'mit^m<Df^mt\^x. G'(i+ij]$r^ 
4 9ica:or»tau, fi£a[i.j+ii{cfli:«i-4iriR m 
mm^nm\.t:mm(OT:)j\^\zmw^^^mm) <Dw^mit 

^m<Dm§^tl.X. G'fl.j + l]^^5 Otr:i:oT|iLffi-r 

^ ms s 5) „ 

[0 0 6 4] 

^4 9 
^5 0 

T. ^4 g-^^-^s ot^JzSJwU-cfftib^ixsfil*?, 

[0 0 6 7] ^zx. mA^m^i mm^n.j] 
tmmmii,j]t<o<i^fi< 1 4> loo?m;55o-c;^J;v^»g^ 

(i^^ I i . j ] izi^m-t -5 mm ti'^caseS \z^m ^tl^J:\f^m 

Jsmsr^i-MG • [ f . J - 1 ] t . ( i - 1 . j ] \zQ:w:^ mm 
mmu .j]\zeLm:-r^mm<DiE:^\^\zm$^'r^mm) 

^IcMt- (0 3 3 6) o 

[0 0 6 8] 
G'[i.j-l)=G[i.j-ll •••^5 1 
G'[i-ljl=G[i-lJl •••^5 2 

^\z. m^^m^i 111. Gm!^^m<D^Mf.tti:%±x 
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3S7) , Gmmi^m(os^Sktti:^m^<ooh. liji 
[0 0 6 91 L:^;!)5o-c. m 1 <r>^i^mmv\t. 

[0 0 7 0] Lfc;6?o-r. m 1 <^lll6?l^t^t»li. ^S^^i 

tw-mit^mt^rfox\.^^itK mi^fN^^xj^^mmco 
fmnt>tixhB:\^\ 

[00 7 1] i^ti. mi (ommmmxn. w-mt^m<D 

'r^:zt\z^^x. W'mt»iM^mm^x^x\f^^t^. z.<o 
^o^w-mt^^vt. ia7<^j:9icuriimi-2»wt t> 

[0 0 7 2] i"/j^^t>, ia7»;i*3v^r. Si^fitSWi i 

(nV[ij].DNIi Jl) = (0.0) 
fi>^^tLr>t^^t^^mi^'r^ (138 3 4) o 
[0 0 7 6] -tUT. m^lt^^^tL-:^^'^. SBafil^ 

G'[l+ljl = (kl-C[iJ-l]+k2'G[i+ 
iCioTSLttl-ra (128 S 5) o 

[00 7 7] i->fc*3*>. lilfeftts® 1 1 14. l8«iW-e® 

(HV[i.j),DN(i.j]) = (0.0) d>o 
d5fiaf9ltoA*Sd^^49j^i-^ (08 5 6) o -^rUT. ^ 



14. [i.jlirG^ra«!:S<^^i:^.c*M^<75]^S^«i»: 

tliS:?T5 (12 7 5 3) GfflW4DfScoJt«i: Jfc^ 

®«5&5case5l::5^^$ix^^lci4 (13 7 5 4 <?:>YE S 
<Bfl) . •to®Slw»St-6 4ocDljSl<D5pjt<fc:*aSo^ 

S»0SLytM^K3^*t^) (127 5 5) p ^UT. G^fS 

^m(o^^tfih±x<omm\^n\.x. z.inh(r>^^t'^ 

se5{c^!©$i^/.cv^m^^;lJ4 (0 7 S 8 CONOOH) X 
9) . 

[0 0 7 3] m2 ommmm)) la s {4. s 2 o^^^jg 

®4fe50-S§lJi 1 o»){^(7:>5'^. GMra^aM*5J:t/^ 

i?)ft^Sfte^■^S*^ rrt?l4. 12 8 Sr#ffiUT®lfefttS 

20 ^1 U;:J:6G«ra*a^:fcJ:t^¥ft<fe:*3:Sco®Jf^Sr^?^ 

14. S*«i. I«*'S2, f9*«5/J:v^U8f*^8. 

1 1 ^ccv> lISj^jI 1 3 icMft:i-6o 

[0 0 7 4] ^-r. ®«*asa5 1 1 f4. s i <ommmm 

i^J6!^tel^^^-rm^DNSrS9:^i-^» (0851) o 

»cjw. ®ife^3i8!5i 114. mi<ommmmt^m\z. c 

8 2) . mmm&,^^^-ir^m^ii.j](omt^isbmu 
ik^^'tmmM[i.j]<omt<Dm^^t>^\^a:^cXs m 
(Dmfs^mGii,j]^^m^^ (i28S3) « 
[0 0 7 5] mc. m&i^m^i i*4. 

5 ®«<??^«isfiii4Sr^-rmsHv [ i+2 . J ] *5 i: umi^m 
ffiH4^^-ritSDNii+2.j]<offl<?5ffl[t 

(HV[i+2.jI,DN(i+2.j]) = (0.0) ••'^#1 

40 ffi«i-6®») J::^t-r^>¥rt^l:^^<^>ie^<i: UT. G'[i 

l.jl+k3-G(i.j+l])/(kl+k2+k3) --^4 9 

2] 2> ® co^«^^<4 ^-t-tt^HV I i J +2] *3 

<t «>S(K<4 ^-ritaDN [ i +2 . j ) t IC. 

(HV(i .j+2) .DNli J+2])-(0.0) • -^i^ 2 

50 «=2i5fifei3S:o^. mf^m^»m\^tLm^(r>T:^(^\z 
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G*(i.j+ll«(k4*Gli-l.jli-k5*G(i J+l)+k6-Gli+l j))/(k4+k5+k6) •••^5 0 
{zXoXSf-m-t^ (08 5 7) p [0 0 8 0] Uft:*5oT. M2 (?5SIJ6?^lfil?l4. «10 

[0 0 7 8] 'tfjit>h. Hi. ^^rax-li HigJ^Jg^l^^lll. sps/j^fiJS. ^^Ji. mfflW^^r^ 

$ti:/i::i*5d>Sr«3eU (08 3 8) , G»ra«LS<0*f« LTco;^^, ¥rt^k:^taStOig»i: UT. ^4 9J^^5 0t? 

[0 0 7 9] -rt^f:>hs m 2 (^SIlSJ^ffiTll. ItOffiW [0 0 8 1] m 2 <?3^ffiJ^tl8-Cll. 1 dSfiB ij 

ffl^^P^?&<b:^SOfe;i:^^i-mi::i^ G'[ij]l:iiaj^$ Itoti^CiG' [i+1 j] iSr^4 9 ICioT»tb *<*2 

ix2>wi:Jc/.tSo i^X±ta§^uyj:J:9l;i, m2(ommmm *5fifeOS:o^-^tzG"[i.j-Kl)Sr^5 0i:i2:oT»aUT 

-eiS(eW4(:iEStJd^oA^;^i^VN|ii5^i;i^^n5®5^tc^UT 5 0 i:iJ:oTG* [i+ioI*5J: W;' (i j+l] ^|lttlUTt>& 

(HV[ijl,DN{i.j])-(0.0) d-o (HV[i + lJ + l].DN[i + l.J + l)) = (0.0) •••lfe#3 

^TT-i-mmmt^m^^^x. ^4 9^^5 ooms^^tf 9 w-mt^m(DM^t\.xhB.^\ 

t)^i^t)^<omi& (12 3 5 4. (218 5 4-^5 6t;iffi^i-5) [0 0 8 4] m s <o^Mmm(Dm¥^fSim'r^ 

li, i^<omr^m^nm\^iti)mv9citx^m\^\Si\^xh mit^m(o9ii^i:^m\^. mcomi'ffni^mn^m'r^o 
[0 0 8 2] m^x^it^nmmmxn. mmm *3Si 2. tn^mi 3tw^f£;i-6p ^-r. mm^mmi 

X.^4 9^^5 0<Dm%^ffot^W:^^(7:>^\^m3S 30 ^"T^ (E! 9 S 1) , 

4. 12 8 5 4-^S 6i:i*a^-r6) SrtToTV>'5;6^ ^tO [0 0 8 5] /ji*5. El 9 S 1 (DAQ:3SI1«^ t) ig Ltrtp^X^* 

ft^taasai ioSftf^:7D-^-^-n?*5*s. litfe^ai liftiftisaji iii, M®|iB.n](c*5tt««£* 

[0 0 8 3] ^3<^^JteJ^Ji-Cfi. W'mt^m(D mmiX^lm,n]^Wtmir^tm:i. ^ib:^[^(Dm&i&^» 

ssmtfj:^miSit\.x. f^^mm^mt^nt>ti. ^x<o taur, ^«>«fiattSr^-rm«DN[iD.ni^K;^-f-«> (la 
S3(^iiiiSj^ffi<^5p^<k:4!aai, ^fe^sra!»i-'5 40 [0 0 8 6] m^n. miSL^mmi mmim.n]\z 

Cv(m.nl = |G(m.n]-G[m.n-l] | + |G[m,n) -G[iD.n+l] | 

+ |G[m-l.n]-G(m-l.n-l] | + |G[m-l .n] -G[id-1 .n+1] | 

+ tC[m+l.nl-G[m+l.iTl]| + |G[m+l.n)-G([D+l.n+l]| ---^S 3 

Chta}.nJ-|G[ni,nJ-G[m-l .nl | + |G[m.n) -Glm+l .n) | 

+|G{m.n-l)-GIin-l.n-lJ| + |G[m,n-l]-G(iD+l.n-l]| 

+ |G[n).n+l)-G(m-l .n+l] | + |G(m.n+l)-G[nH-l .n+l)| •••^54 

C45[m.n]=|G(D.n]-G(iD-l.n-t-l] |<i-|G[iD.n]-G(iD+l.n-l]| 
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C135( 

|Cv[m.n]-Ch[m.n]|^Thl 

^ U-rmSHVlm.n) iZ 0 SrIiJt 
|CvIin.n]-Ch[iD.n]|>Thl Cv[in.n] <Ch[in.n] 

|Cv[m.n]-Ch[iD.n]|>Thl Cv[ni.n] SChh.n] 

10 0 8 81 M«*DfSail ffi«<ORSfflTh2 

|C45[io.n]-C135[m.n]|^Th2 

G'[. 



+ |G[ni-l.n]-Gtm.n-ll| + |G[n).n+ll-G[m+l.n]| •••^5 5 
n]o|Glm.n)-G[m-l,n-l] l + |G[in.n] -G(m+1 ,n+l] | 
+ |G[m-l.nI-G(in.n+l] | + |G(m.n-l]-G[iD+l .n] | •••^5 6 

t¥\& UT«©DN(iD,n] \Z 0 ^S^;^ 
|C45(iD.n)-Cl35liD.n]|>Th2 C45[iD.n] <Cl35[m.n] 

|C45[m.n]-Cl35liD.n]|>Th2 ;Ji>o C45[iD.n] SC135[m.n] 
dJ^OSlo^i^, ^4b45S^^fS]J: >? t>!^4?)135ffi*lSl(?5 
!B^e^^±;6S»v^^:2|5J;6UT^g«DN[ID.nllc- 1 «r|ft:fe-r 

(0 0 8 91 ^yi±!SLmi.tixo\z{.x. i^mm&i\^^^ 

-^^taHVIm.n] i:!»«>a6HftSr^i-|e«DN[iD.n] t 

[m.n](DmtiiK ^\:iO'Vi:,i>ib-^t-^¥\^-r^ ((2 9 
S3) o ^LT. 111, lt«RHV[m.n]i:*g 

Sr. 

(kl»G[m-l.n-l]+k2-G[iij+l .n-l]+k3-G[m.n]+k4-G[ni-l .n+1] 
+k5-G(m+l.n+l])/(kl+k2+k3+k4+k5) -"^S 7 

^X.fi, kl-'kSOfflS: rkl=k2=k4=k5=K k3-4j 

w-mit^^<-t^m^{z.n^ k\^ks<om^ rkuk2-k4«k 

5-K k3-l2J \zWt^'ttl\tSi\^\ 

[0 0 9 11 G'[iD.n]lt, ^5 7\Zft:tX^r(0 

^5 7 't;iJ;oTjStbUTt>^vv 



»;:j:orirttJi-^ (09 s 4) „ 

(0 0 9 01 i-^it^h. ^5 7\z7sk'tm»n. mmim. 

1], [m+I.n-l]^ (ni.n]> [iD-l.n+l]x [m+l .n+1 ] l^l^ttti" 

C'[iD.n) = (kl-G[m-l.n-l]+k2-G[iD+l.n-l]+k3-G(ni.nJ)/(kl+k2+k3) 



^5 7'lli3V^T> kl.k2.k30ifc^a: bTll. m^Li-f. 
rkl:k2:k3=l:2:lj ^ Tri :k2:k3=l :6: Ij /J:^;^*^^^ 

»^'(tT/i<, Ma[i+2j-i), [i+2.j+illcttBi-?»® 
G'[i.j*l]»l. [i.j+l], [l+ljltc 

1 j+2], [i+1 j+2] K&:m-r^mm<omi^^(o^n^ 

[0 0 9 2] -r*h>*>. *«5^{C*5V^T. JP^?t<b5a3®0 

gpi iri. ^?t<t:ia^<^^^t^j:^):^T<^®«(75M^*5 

lm.n]\Z^m^tltit-^ii-^n^l. (09 S 5) , W-^ 
i^Tv^/iV^i$®51fi^»«i-^>»^. ia9 s 14UBO&S 

(0 0 9 31 'ttiit>t,^ ms(om^mt(^xn. ^mtio^ 



so 



•••^5 7 • 

x(D^. w-mit^m<of^^^7r:-tmt\^x. mmm^p^ 
(0 0 9 41 /j^is, «3<^sffij^®m. 

5 7 <^atj|«:tT 5 d*S^**<D49j3e (ig 9 S 3 fCtSSr 5) 

(0 0 9 51 M4(D^^J^t|g«. 1 4 

[0 0 9 61 ^yt'U, PC18JCJi. CD-ROM2 8 
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^-^^$^^TV^6t>co^i-^, -T^^jrip*?. PCI 8 
[0 0 9 7] «T> IS 1 «r#ffi t-C® 4 <^^ifi?!^tl6<^» 

-^tL.Xs m^isi^mui iiw^j^-rsc ii^^jtiisui 

[0 0 9 8] ^^iw, m^;«7 ^ ^ 1 It, il^f^§ii 2 4 20 
«|{^#lc:J:o-CP Califs- Kd53l«^$tLfc4^tffi 

1 9 ur p c 1 8 [z^t^^o 

[00 9 9] PC 1 8rt(O5F0^i^(^)CPUtt. :l(0^o 
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